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prefrontal and parietal networks,
seen in this study for verbs, in the
processing of time and temporal
structure [10].
While Shapiro et al. [3] are
admirably restrained in their
interpretations, they outline how
their results suggest there is some
relationship between grammatical
class and semantic
representations. This is a far
from trivial issue: from a classic
psycho-linguistic perspective,
semantic and syntactic
representations can be fully
dissociated and indeed, from
some positions, syntactic
representations could well be
considered to be preeminent in
human language organization.
The new data suggest, at the very
least, that these hard distinctions
need to be softened when we
consider the neural instantiation
of these linguistic categories.
Such a perspective has also
been addressed in a recent study
with which I was associated [11].
Here wemoved from English as our
model language and exploited the
fact that Italian distinguishes
between nouns and verbs
morphologically — for example,
‘fermata’, stop (noun) and
‘fermare’, to stop (verb) — even
when the words are not inflected as
plurals or by tense. We controlled
for semantic effects by using only
verbs and nouns that referred to
events, and we directly compared
the contribution of grammatical
class (nouns and verbs) to the
contribution of semantic class
(whether the words referred to
motion or sensations). Our study
involved native Italian speakers
listening passively to single words.
We found that the same brain
network was activated in
processing nouns and verbs,
whereas differences were
reported for the processing of
motion, which showed preferential
activation in left primary and
premotor cortex, and sensory,
which showed preferential
activation in left inferior fusiform
gyrus.
Thus, differences in preferential
activation in our study [11] were
strictly driven by semantic rather
than grammatical class. Following
on from the new study by Shapiro
et al. [3], this is also evidence
suggesting that noun/verb
processing differences are not
related to grammatical class
per se, but are driven by correlated
semantic differences (see also [4]).
Of course, to some degree we find
somewhat different effects since
our paradigm (speech perception),
or baseline (an acoustic control)
and our stimuli are different,
but I think the converging
interpretations of a semantic
component to syntactic classes
raises some intriguing issues. Will
we ever be able to identify neural
systems which show a purely
syntactic profile of processing, and
if so, will nouns and verbs be the
way to do so unambiguously? Is
syntactic structure the dominant
organizational principle for human
language, or, when considering the
neural substrates, is it possible that
we will continue to find a more
central role for semantic structure
and organization?
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DNA polymerase zeta and Rev1 play key roles in replication past DNA
lesions. New work shows that the yeast checkpoint kinase Mec1 recruits
a complex consisting of polymerase zeta and Rev1 to DNA double-strand
breaks. This study highlights the role of polymerases that mediate
translesion synthesis in the response to DNA double-strand breaks.Nadine K. Kolas and
Daniel Durocher
DNA double-strand breaks are the
most lethal form of DNA damage
and are intermediates in numerous
gross chromosomal
rearrangements. When a DNA
double-strand break occurs and is
recognised by a cell, a signaling
cascade ensues which
orchestrates a complex responseaimed at maintaining cell viability
and genome integrity (reviewed in
[1]). This signaling cascade, often
known as the DNA damage
checkpoint, is controlled in large
part by PI(3) kinase-like kinases:
ATR and ATM in human cells;
Mec1 and Tel1 in budding yeast.
Checkpoint signaling modulates
DNA double-strand break repair
in part by regulating protein
recruitment to sites of DNA
Dispatch
R297damage. The recruited proteins
can be detected either by their
accumulation in subnuclear
structures called ‘foci’ or by
chromatin immunoprecipitation [2].
A major challenge in recent years
has been to catalogue those
proteins that localize to DNA
double-strand breaks, to
understand the molecular and
temporal basis of their recruitment,
and to elucidate their contribution
to the DNA damage response.
Recent work has added to the list
a complex composed of DNA
polymerase zeta (Polz) and Rev1,
two translesion synthesis
polymerases.
Polz is an error-prone
polymerase, made up of Rev3 and
Rev7 subunits, which plays an
important role in translesion
synthesis by virtue of its ability to
extend mispaired primer termini
or primer termini opposite DNA
lesions [3,4]. The function of Polz
during translesion synthesis
requires Rev1 [5,6], a member of
the Y family of polymerases.
Although Rev1 has its own catalytic
activity, this appears to make little
contribution to lesion bypass; in
contrast, Rev1’s translesion
synthesis activity is diminished by
the rev1-1 mutation, which affects
the protein’s amino-terminal BRCT
domain while leaving its catalytic
activity relatively intact [3,4]. The
implication is that Rev1 has a more
structural role in translesion
synthesis.
Rev1 has recently been shown to
be part of a tight physical complex
with Polz in two independent
studies [7,8], including that of
Hirano and Sugimoto [8] recently
published in Current Biology. It is
likely that Rev1 interacts with the
intact Polz complex, as the
association of Rev1 with either
Rev3 or Rev7 is disrupted when
either REV7 or REV3 are deleted.
The interaction with Polz
is mediated by the
polymerase-associated domain
close to Rev1’s carboxyl terminus
[7], and does not require the Rev1
BRCT domain, as both the Rev1-1
or Rev1BRCTD proteins interact
with Polz [7,8].
There is increasing evidence that
error-prone polymerases are also
involved in the repair of DNA
double-strand breaks. ForCurrent Biology
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Figure 1. Polz–Rev1 recruitment during translesion synthesis or at DNA double-strand
break sites requires different signaling activities.
(A) Hypothetical Polz–Rev1 recruitment during translesion synthesis. In this example,
replication fork stalling at an abasic (AP) site triggers Rad6–Rad18-dependent ubiq-
uitination (Ub) of PCNA, which acts as a beacon for the recruitment of translesion
synthesis polymerases. This model is based on the proposed recruitment of Polh to
stalled forks but the requirement of PCNA ubiquitination for Polz–Rev1 dependent
mutagenesis suggests a similar modus operandi. (B) Polz–Rev1 association with
DNA double-strand breaks is not dependent on PCNA ubiquitination but rather is de-
pendent on the Rev1 BRCT domain and on Mec1 kinase activity. Work from Hirano and
Sugimoto [8] suggests that Mec1-dependent phosphorylation (P) of one or more Mec1
targets recruits Polz–Rev1 to the vicinity of DNA double-strand breaks through an in-
teraction with the BRCT domain of Rev1.example, the X family polymerases
are involved in non-homologous
end-joining [9], whereas the Y
family Polh is involved in DNA
synthesis during homologous
recombination in vertebrates
[10,11]. The Polz–Rev1 complex
has been functionally linked with
DNA double-strand breaks, as it is
required for the elevated rates of
mutations associated with
recombinational DNA double-
strand break repair in yeast [12].
From observations, Hirano and
Sugimoto [8] surmised that Polz–
Rev1 may physically associate
with DNA double-strand breaks.
To test this prediction, Hirano
and Sugimoto [8] used chromatin
immunoprecipitation to examine
protein recruitment in the vicinity
of a DNA double-strand break
delivered by the homothallic (HO)
endonuclease [13] at a single site
in the yeast genome. They found
that Polz and Rev1 are bothenriched at the locus surrounding
the DNA double-strand break,
interdependently of each other.
Interestingly, the recruitment of
Polz–Rev1 to damaged chromatin
was found to be independent of
Rev1’s catalytic activity but entirely
dependent on integrity of its BRCT
domain, as a complex containing
the Rev1-1 protein failed to localize
to the vicinity of the HO-induced
DNA double-strand break.
The processivity factor PCNA,
a ring-shaped protein that
connects topologically to DNA,
plays an essential role in
Polz-dependent translesion
synthesis; it has been shown that
this requires mono-ubiquitination
of PCNA on Lys164 by the
Rad6–Rad18 complex [14,15],
which permits recruitment of other
family polymerases to stalled
replication forks (for example, see
[16] and Figure 1A). To determine if
Polz–Rev1 is recruited to DNA
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manner, Hirano and Sugimoto [8]
examined the contribution of PCNA
ubiquitination to Polz–Rev1 DNA
double-strand break localization.
Perhaps surprisingly, they found
that PCNA ubiquitination-deficient
yeast strains are fully able to
recruit Polz–Rev1 to sites of DNA
double-strand breaks.
Hirano and Sugimoto [8] also
tested the contribution of the 9-1-1
complex, a checkpoint signaling
heterotrimer analogous to the
PCNA ‘sliding clamp’ which has
also been linked to the recruitment
of polymerases to damaged
chromatin. Again they found that
Polz–Rev1 recruitment to DNA
double-strand breaks is
independent of clamp function. But
an intact checkpoint signaling
cascade is required for Polz–Rev1
recruitment to DNA double-strand
breaks: the authors found that
Mec1 is essential for the
association between Polz–Rev1
and the chromatin surrounding
the break.
These results are particularly
compelling as BRCT domains are
known to bind to phosphorylated
sites on proteins [17,18], and the
Rev1 BRCT domain may have
some phosphopeptide-binding
activity [18]. A simple model can
be conceived in which the Rev1
BRCT domain recognizes
a protein phosphorylated in
a Mec1-dependent fashion in the
vicinity of DNA double-strand
breaks (Figure 1B). There is much
debate, however, about whether
single BRCT domains can bind to
phosphorylated epitopes in
a sequence-specific manner, as
opposed to tandem BRCT
domains, which almost universally
display phosphoprotein-binding
activity. As Rev1 only has a single
BRCT domain, more work will be
required to determine whether
phospho-dependent
protein–protein interactions
mediated by the Rev1 BRCT
domain influence Polz–Rev1
recruitment to DNA double-strand
breaks.
The new work raises some other
fascinating questions. Firstly,
although Rev1 is unique among the
Y family polymerases in having
a BRCT domain, Pol X family
members in yeast and vertebrates,such as Pol4, Polm, Poll and TdT,
all have amino-terminal BRCT
domains, raising the intriguing
possibility that they too can be
recruited to DNA double-strand
breaks in a PI(3) kinase-like
kinase-dependent fashion.
Secondly, what is the biological
significance of targeting Polz–Rev1
to DNA double-strand breaks?
Although Hirano and Sugimoto [8]
provide some evidence that
Polz–Rev1 may be involved in DNA
double-strand break repair, the
yeast strain used to examine this
possibility does not allow
conclusive demonstration of
a DNA double-strand break repair
function, as the non-homologous
end-joining events detected by this
assay require mutation or deletion
of the HO endonuclease
recognition site in order to
survive the continuous HO
expression.
The use of more specialized
strains will allow the examination
of the qualitative and quantitative
aspects of DNA double-strand
break repair dependent on
Polz–Rev1. Nevertheless, it is
notable that data from vertebrate
cells are consistent with a role for
Polz and Rev1 in DNA
double-strand break repair [19,20].
This role, supported by the
function of Polz–Rev1 in DNA
double-strand break-induced
mutagenesis and by the study of
Hirano and Sugimoto [8], suggests
that Polz–Rev1 may promote DNA
synthesis during DNA repair,
perhaps in a manner analogous to
the model recently described for
Polh [10,11], or may serve to
bypass abasic sites or other
lesions surrounding double-strand
breaks caused by ionizing
radiation, an agent known to
generate clustered and complex
DNA damage.
Although much remains to be
learned from the role of Polz–Rev1
in DNA double-strand break repair
or associated mutagenesis, the
studies of Hirano and Sugimoto [8]
further confirm that far from being
exceptional and anecdotal, the
involvement of error-prone
polymerases in DNA double-strand
break repair represents an
emerging feature of these
enzymes and suggest that at least
for Polz–Rev1, this involvement isorchestrated by checkpoint
signaling.
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